Abstract. This paper is devoted to the designing of a trajectory-tracking control system for a unicycle-type mobile robot. Synthesis of the trajectory control law is based on the feedback linearization method and a canonical similarity transformation of nonlinear affine system in state-dependent coefficient form. The result of experimental test of the trajectory control system for mobile robot Rover5 is presented.
Introduction
The problem of mobile robot (MR) control is relevant over the years because of the wide range of theoretical problems and practical applications associated with it. There is a great number of works in the field of motion control of MR that are published in recent decades. Their reviews can be founded in [1] [2] [3] [4] .
Trajectory-tracking control problem is a typical control problem for MR. It is mainly concerned with the design of control laws that force a MR to reach and follow a time parameterized reference trajectory [5] . Thus, as a rule, simple non-linear models are operated, which characterize only the kinematic relationship between the MR's motion parameters and parameters that are predetermined by a reference trajectory.
At this point it is possible to mark out two basic approaches to design the tra-jectory-tracking system. The first approach is based on linear control design methods and tangent linearization of system model about the reference trajecto-ry. At that, a pole placement method or linear optimal control method are usually used to adjust controller parameters [6] [7] [8] . Another approaches is based on non-linear control design methods, such as feedback linearization (FL), Lyapunov techniques [9] [10] [11] .
A lot of publications are devoted to the trajectorytracking control problem for MR with nonholonomic constraints by means of FL (static and dynamic). In [9] applicability of static FL for setpoint regulation problems and for trajectory-tracking problems is considered. In [11] the trajectory-tracking control problem based on dynamic FL is considered. It is shown that dynamic FL is an efficient design tool leading to a solution simultaneously valid for both trajectory tracking and setpoint regulation problems. The main drawback of such solution is aligned with the raise of the system order and the order of the dynamic feedback.
In this paper, we propose another approach for static FL control design for tra-jectory-tracking, based on representing the original nonlinear system into a statedependent coefficient form and applying the canonical similarity transformation, that allow getting the system to canonical form. This similarity transformation allow accomplishing linearization of a system without determining of a virtual system output.
The remaining sections of the paper proceed as follows: Section 2 describes the trajectory-tracking control problem statement; Section 3 is devoted to the problem of designing of trajectory control system for MR based on FL method; Section 4 describes the structure of the trajectory control system, results of experimental tests for MR Rover5; some conclusions are shown in Section 5.
Formulation of a Trajectory-Tracking Control problem for MR
The simplest model of a nonholonomic MR is the unicycle. Let us consider the kinematic model of a unicycle-type MR motion in a horizontal plane (Fig.1a ) [1] [2] [3] [4] We suppose that there is a given trajectory of MR Differentiating (2), we obtain the dynamic model of MR trajectory following errors:
The problem is to find control inputs 1 u and 2 u , such that system (3) be an asymptotically stable, i.e. 
Control law design

Feedback Linearization of MIMO nonlinear system
Nonlinear MIMO system in state-dependent coefficient form is considered: The feedback linearization problem of the system (4) consists in searching a nonsingular similarity transformation x x T z ) ( = and a control input FL u u = by means of which the system (4) can be transformed into a linear canonical form.
The procedure of constructing the similarity transformation is given in detail in [13] . Here is an example of the system conversion for the case 2 R u ∈ .
Applying the similarity transformation x x T z ) ( = to the system (4) we get 
Instead of elements ij k , it is necessary to take corresponding elements of . , kl k E J
Design of Trajectory-Tracking Control Law
Trajectory-tracking control loop is designed on the basis of FL method (4), (5) for tracking error dynamic system (3), which can be written in a state-dependent coefficient form: 
Under transformation (7), the system (6) 
The control law (9) is not applicable when 0 = 
The experimental results
Object of the study is a MR Rover5 by DAGU [8] . Power section of robot includes two electric drives based on the DC Motors. As a control unit Arduino UNO controller is used. To control the motors Rover5 Explorer PCB board is used. It is equipped with two FET H-bridges rated at 4A. Wireless communication interface is implemented through the usb-programmable wireless module Wixel. The experimental results on a real Rover5 robot are shown in Figure 2 . , rad, the relative tracking error doesn't exceed 2% after the robot reached reference trajectory. 
Conclusions
The problem of MR trajectory-tracking control was considered. The design of trajectory control loop is based on FL problem for tracking error dynamic. In general case, the control law is a tracking error feedback with time-varying coefficients. Non-stationary nature of the problem is determined by the time-varying values of reference linear and angular velocities of the robot. In such a case when these velocities are constant, the problem becomes stationary and the feedback's coefficients also become time-invariant. Experimental verification of developed trajectorytracking control system was performed on mobile robot Rover5. The results of experiment confirm the acceptable quality of designed control system. 
